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MotivationMotivationMotivationMotivation

Sub threshold circuits are one of the solution toSub-threshold circuits are one of the solution to 
the ultra-low energy systems while Flip-Flops 
are essential timing blocks in digital circuitsare essential timing blocks in digital circuits.
tsu, thold, tc-q are affected by process variation. 
Timing & energy characterization of sub-
threshold Flip-Flops should be performed for 
correct design of Flip-Flops.



MotivationMotivationMotivationMotivation

C2MOS FF is one of the promising Flip-Flops in sub-C MOS FF is one of the promising Flip-Flops in sub-
threshold circuits.
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Energy & Delay Comparison of 4 types of Energy & Delay Comparison of 4 types of 
FFsFFs
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Comparison ResultsComparison ResultsComparison ResultsComparison Results
Comparison of Energy Consumption of 0-
0,0-1,1-0,1-1 Transitons for 4 Types of FFs
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Timing CharacterizationTiming CharacterizationTiming CharacterizationTiming Characterization
Comb. D        QComb.
Logic
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The setup time of the Flip-Flop has a lognormal pattern due to the output 
of the combinational logic.
The setup time will result in the failure of functionality. It should be noted 
that the setup and hold time should be in the safe operation region to 
ensure the correct functionality.



ResultResultResultResult
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Variability of Timing Using MonteVariability of Timing Using Monte--Carlo Carlo 
SimulationSimulation

Clk to Q Delay VS Setup Time
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Turning KnobsTurning Knobs VddVddTurning Knobs Turning Knobs -- VddVdd
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Failure Prob VSFailure Prob VS VddVdd for Different Sizesfor Different SizesFailure Prob. VS Failure Prob. VS VddVdd for Different Sizesfor Different Sizes
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Turning KnobsTurning Knobs SizeSizeTurning Knobs Turning Knobs -- SizeSize

Clk to Q Delay VS Width
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EnergyEnergy Delay RelationshipDelay RelationshipEnergy Energy –– Delay RelationshipDelay Relationship
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ConclusionConclusionConclusionConclusion
A timing model for FF operating at sub-threshold voltages has beenA timing model for FF operating at sub threshold voltages has been 
used to characterize C2MOS Flip-Flop.
It has been shown that optimum-timing design should be replaced 
b li bili d i d i f b h h ld Fli Flby reliability-driven design for subthreshold Flip-Flops.
Size has effect on failure probability due to process variation.
Size has minor effect on the performance while Vdd has largeSize has minor effect on the performance while Vdd has large 
effect on performance due to its exponential character in current 
equation.
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